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To build a computer program that will be able to convert the result of specific AC 
Calorimetric experiments to the frequency domain, allowing greater insight, and allowing 
another dimension of analyses.
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Introduction 
Calorimetry is the measurement of heat change due to various processes such 
as chemical reactions and state changes. In this set of experiments a specific form of 
Calorimetry is used, known as AC calorimetry,  is being uses to analyze liquid crystals.  
Liquid crystals are substances that exhibit a phase of matter that have properties of 
both conventional liquids, and of solid crystals. There are many different types of LC 
phases1.  
One way to observe, and to better understand the LC properties, is to measure 
the LC at varying temperatures. As the temperature varies, the substance will exhibit 
properties much like a RLC circuit, also known as resonance circuit2.  This substance in 
relation to the RLC analogy will have a certain inductance, and (heat) capacitance. 
These systems also exhibit properties of a harmonic oscillator. Additionally, these 
properties may change as the LC crosses from one meta-state to another. 
A method in signal analysis is to drive certain signal into a RCL circuit to 
understand what is going on in this “Black box.” By using spectrometry, were we are 
converting the result on an AC driven circuit in the time domain, we may use signal 
analysis to describe what is going on in this system. Using the data from previous 
experiments, we have an alternate method to examine what is going on in these 
systems using spectroscopy and signal analysis. 
 
   





 A Fourier series is an expansion of a periodic function f(x) in terms of an infinite 
sum of sines and cosines.3 The Fourier series allows us to make an approximation of 
any arbitrary periodic function, on a defined interval, by using an infinite set of sines and 
cosines. The Fourier series is an instrumental mathematical tool used in this project. 
  
The Basic Fourier series can be written as such: 
F ( t ) = >
n = 0
N











F ( t )$ Sin (w$n$t )dt
 
Figure A-1: Fourier Series : (Continuous function) 
In this set of experiments, the interval is defined on the period which the 
experiment takes place, which is at T=0 to the end of the experiment  {0,T}. An and Bn 
are the coefficients that represent each harmonic Cosine and Sine function respectively. 
Since our function, F(t), exists in the time domain, by solving for these coefficients, we 
can transform out periodic function into the frequency domain, F(w). 
The theoretical formula of the Fourier series, as shown in Figure A-1 will need to 
be modified, so it will be able to accommodate the data from the output of the 
calorimetric experiments, that is to undergo Fourier analysis. First off, the data in these 
                                                 
3 http://mathworld.wolfram.com/FourierSeries.html 
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experiments occurs at discrete points in time; data which has been taken at regular 
intervals over a period of time. The modified version of the Fourier coefficients from the 













f ( t )$ Sin (w$ n$ t )
 
Figure A-2: : Approximation of the Fourier series coefficients using discrete data points 
The coefficients can be further simplified, since we are converting to the frequency 
domain, the magnitude of  An and Bn coefficients in Cn, with a phase shift of Phi, which 
are shown below in Figure A-3. 
Magnitude = An2 C Bn2
 
F = ArcTan0 BnAn1
 
Figure A-3 : Alternant Fourier coefficients 
The magnitude will show the amount of the specific frequency that is contained in this 
particular interval, and Phi will show the phase differential, which has real-world significance to 
the actual experiment.
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Discrete Fourier Series 
Due to the fact that the experimental data that we are analyzing uses discrete 
data, we must understand this relevance, and other such limiting factors. The primary 
limiting factors in this analysis occur because we are approximating a continuous 
function with discrete data points. The greater the number of points, the greater the 
precision of our analysis. There are two ways to increase the number of points, by 
increasing the time domain of the experiment, and by increasing the sampling rate. The 
Nyqist frequency, which is also the Nyqist Limit, determines the highest frequency that 
can be coded at a given sampling rate in order to be able to fully reconstruct a signal.4 
The function shown in Figure B, is the Nyqist frequency. This function determines the 
upper limit, or the highest frequency that we can use in our analysis. The smallest 
frequency is zero, which is commonly referred to as the DC-offset. The precision of the 
frequency domain, or the difference between harmonic frequencies (i.e. w0, w1.wn…)  is 
determined by the length of time the experiment runs. As a general rule, the longer the 
experiment runs, the greater the precision near the lower frequencies; the greater the 







Figure B: Nyqist Frequency 
 
                                                 
4 http://mathworld.wolfram.com/NyquistFrequency.html 
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Methodology & Data Filtering 
Much of the work involved in this project does not deal with the analyses ot the 
data directly, be being able to actual analysis the data, and the process involved to pre-
process the data to the actual spectroscopy. This pre-processing is necessary so that 
data that is analysis meets the requirements of the Fourier series, and to filter out any 
data that might yield erroneous results in the analysis. 
The Follow graph shows the transition of the raw data that is directly comes from 
the experiment, and the resulting filtered data. Figures C-1, and C-2 show how the data 
will be modified. 
In general, the typical raw data from most experiments that have been analyzed 
are a plot of points that resemble a sinusoidal oscillation with some linear ramping. This 
primary driving frequency (sine wave has been used in the experiments in this project) 
is due to the input signal in the original experiments, which was used to vary the 
temperature of the sample.  
It should be noted that any periodic functions may be used as the base signal. 
Examples of other periodic signals include a saw tooth wave, or square waves are both 
possible input signals. The output of a typical experiment will essentially be the input 
signal, with some sort of distortion, which goes to the point of this exercise, which is to 
quantify the amount of this distortion. 
I have determined the following items need to be addressed before any Fourier 
analysis is rendered. 
(1) The experimental data may not have an integer number of periods. 
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(2) There might be initial and final temperatures drop offs, as if there 
was some sort of initial or transient influence.  
(3) There may be ramping involved, so this signal may have a linear 























Figure C-1: Plot of typical raw data – Post-filtering 
Once the raw experimental data, which Figure-C1 is a typical example, has been 
filtered, this data should look similar to Figure-C2. The filtered data can now be 
analyzed using spectroscopy. 
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Step 1: Reduce Data sets to an integer number of sampling periods  
Fourier analysis allows us to transform the time domain into the frequency 
domain. Before this is done, certain guidelines, and modifications may need to done so 
that the frequency domain accurately describes what is going on in the experiment, and 
not just the convolution of the raw data. If this is not done, the Fourier analysis is 
meaningless has very little significance. 
The first step required in the filtering of that raw experimental data is to ensure 
that there are an integer number of sampling periods. Theoretically we can approximate 
any periodic function. However if we were to use the raw data and assume that it is 
repeated, without using an integer number of sampling periods, a large amount of error 
will be introduced into the spectroscopy 
Additionally, the more data that is analyzed that is steady state, the more 
accurate our result will be. If we are to incorporate transient data, we will introduce 
erroneous information into our analysis. For example, in some of the samples, there 
were discontinuities in the start and end of the experiment. It would appear when the 
experiment initially started, and just before it completed, the experiments were not in a 
steady state. In the time domain this can be seen fairy easily, however in the frequency 
domain, this would appear as noise. 
Also, in a experiment, shown in Figure G, it would appear that some point in time,  
the experimental conditions changed, where there was no linear ramping involved, and 
then at some point this started to occur. This type of data cannot be analyzed. 
To design a system, that will filter out as much of the previously mention 
scenarios, the program will look for the extreme points (anti-nodes).  The program will 
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search for the first maximum point, and will use this point to find the maximum number 
of integer periods that are contained in this sample series. This will cause some of the 
data points to be discarded. By doing this, we ensure that we know there is an integer 
number of basic input periods, allowing the Fourier series to be symmetric. The Fourier 
series approximates the sampling period by repeating the data. Also, the data that is 
lost will occur at the begging and end of when the experiment was run and this data has 
been seen to be dominated by some transient influence. So the best data to remove will 
tend to be more inaccurate data, which only increase the accuracy of the transformation 
to the frequency domain. 
 The software will detect maximum points. These points will then be used as a 
basis to truncate the data set. First, the program will look for the fist 5 maximum points. 
Sometimes these maximum points are not actual maximum points, due to experimental 
variations. The program’s determination of a maximum point is not necessarily a 
extreme point in relation to the driving signal, so this is what is implied by a false 
maximum point. Also, after examining different experiments that have been sampled 
and underwent this process. In the process of truncation, to make a integer number of 
input periods, I have determined the best place to start, is at a point of inflation, rather 
than a maximum point. When the endpoint of the data series is put together end-to-end, 
the inflection points tend to yield less variation from one period to the next, verse the 
extreme points. This being the case, the program will use data that occurs a ¼ period 
after the first maximum point. 
This program has been specifically designed for sinusoidal based waves, which 
was used in all of the samples. This program should just as easily work on a saw tooth 
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wave, however I would expect that this subroutine would have to be modified if a square 
is to be analyzed. This subroutine will compare 3 points at a time, to find a maximum 
point. Since data that is used deviates from the theoretical plot, and there may be other 
factors, which may cause false maximum points. If a square wave were to filtered using 
this technique, too may false maximum points would be detected using this technique. 
 
Step 2: Correct the Ramping Issue 
 Since data needs to be symmetric, factors such as linear ramping need to be 
filtered. By doing a liner regression of this data set, we can help correct for any ramping 
issues, whether they are due to the sampling anomalies, or due to input parameters of 
the input signal.  
One problem that arises is that the previous correction will cut the data points at 
the zero-points. The regression will find an average over time, and since a sine wave is 
one full period, if the beginning of this waveform does not occur at the max point, the 
linear regression will not be useful. To correct for this issue, two linear regressions will 
be done. A Half of a periods worth of data will not be used in each regression - the first 
half-period of sampling data that exists in the time domain, and then the last half-period 
of data. The average of the two regressions will be used to find the linear regressing of 
the initial sample data. 
Figures D-1 & D-2 demonstrate why it is necessary when finding the linear 
regression, that n+1/2 periods mush be used, rather than the n periods that Step 1 of 
the processing truncates the data set too. When the data set of a sinusoidal function 
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start at a inflection pint, it is necessary to use n+1/2 period to correctly ascertain the 




Figure D-1: Sample plot & linear regression of one (2/2) period length 
 
 




Step 3: Fix the time domain & run a ruff DC offset 
Some of the data has been truncated back in step 1, and the amplitude has been 
modified in Step 2. This step will shift the plot of the remaining data set so that it will 
begin at time equal to zero. Also all of the point will be shift vertically, so that the vertical 
midpoint of the point of zero amplitude. This is not a required step, because technically 
the C0, or the harmonic frequency of Zero, is the DC offset, but this is done to make the 
data more presentable, and human readable. 
 
Step 4: Run the Fourier Analysis: 
 Now that the preprocessing of that data has been completed, the Fourier 
analysis can be run. This analysis generate 2 types outputs 
(1) The summary information is generated. The summary information includes: 
a. Input Period used 
b. The total duration of the period 
c. Total number of data points in this experiment 
d. Total cycles/Number of input periods 
e. The default frequency (w0) 
f. The Nyqist frequency 
(2) The Coefficients of the first 200 harmonic frequencies, which include{ A(n), 




Running the Program – Run.exe 
To better illustrate how this program works, the following is a step-by-step 
explanation how the program works. This program assumes that all of the data will be 
contained in the file ‘data.txt’, located in a directory called ‘data’ in the same place 
where the main program ‘run.exe’ is located ( “/data/data.txt”). This is done so that all 
data associated with the experiment is located in the same directory. There will be a few 
data files that will be generated, and this allows all of the data files that are generated 
for the same experiment, to also be located in the same location. 
When the program is launched for the first time you will get a screen similar to 
the following screen: 
 
Figure E-1: Program view - Start of program 
 
This program will automatically read from the file ‘data/data.txt’ on launch of the 
application. The first 5 points will also be shown from the file that is read – this is for 
verification purposes. If the data cannot be read, there will simply be an error message 
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“Unable to open file data.txt.” The information that is contained in the input file was designed 
to be the raw data from previos calorimetry experiments. Data in this file is expected to 
be in 2 colunns time followed by resistance. This data is to be seperated by a space or 
a carage return – no column header is expected. The data point should be in order in 
the time domain, the fist point being the data points taken at the start of the experiment. 
Also, the file cannot have any additional data at the end ( when analzing the sample 
files, typicaly the last chariter was a carage return, which need to be removed). Here is 
a sample of the format of the data contained  in this file: 
 
 




At the end of every execution of any subroutine, the Main menu will be display, 
asking the user for the next routine to run. In this case, if there was a probem reading 
the data file, or the incorect data was used, we would select ‘R’ which would re-read the 
data file again. At any point in time, if the user wish to abort the current analysis of the 
current data set, the user can always re-initalized the data set by selecting this option. 
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Once main input data has been enetered, it would normally be expected the user 
enters the main input period of the experiment for wich this data set belongs to. This is 
done by selecting option ‘S’. At this time the screen would look like the following: 
 
 
Figure E-2: Program view – Set initial parameters    
 
The only required piece of information is necessary to do analysis is the period of 
the original input signal in seconds. The user would then enter this information. By 
default this number has been hard coded to 32 seconds. The default number would only 
be used if the user has not selected this option to manually override the default period 
length. Thirty-two (32) seconds has been selected because it has been the most 




Now , the data need to be formatted. Step 1 is selected by entering ‘1’. This will 
truncate the data set. This is done so there will be an integer number of  periods of data 
in the data set to be analyzed. When the user selects this option the screen will look like 
the similar to the following: 
 
Figure E-3: Program view – Step 1: Truncate data set    
 
 
When truncating the data set, the program will scan the data points that are in 
active memory. This data at this point is assumed to be raw data from data.txt file. This 
program will look for maximum points, starting from the beginning of the data set. The 
first 7 supposed max points are shown. The amplitude of is shown, along with the point 
in time this measurement was taken, also how long after (the delta) since the last 
supposed maximum point. The reason for this step is to find the first max point to be 
used in the analysis of the data. Most of the time, the input data will be relatively clean, 
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however in this case the input data is very rough. A scatter plot of this sample data is 
shown in Figure below. Rather the computer atomically use the first maximum point that 
it find, it show a set of maximum point that it has found, and allows the user to decide 
which point to use. 


















Figure G: Sample raw data: example of change in linear ramping    
 This is done because the program is fooled by ‘jumpy’ or rough data.  This would 
not be the case with a very clean sinusoidal waveform, but this would also be the case 
with an waveform that does not have distinct maximum point. For example, this 
subroutine has never been tested with a square waveform, however, most like this 
subroutine would be ineffective in locating the points of interest for a square waveform,  
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In this case we will select option two (2), as can be seen graphically in Figure G, this is 
the first true maximum point that occurs in the graph. This will return the following: 
 
Figure E-4: Program view – Step 1: Truncate data set: select peak 
 
A quick summary of the data is shown. In this case, this program is able to use 
nine (9) full input periods, which will encompass 89% of the original data. The time 
domain in which the first and last data points are use are also displayed. This step will 
also write a file ‘data/dout_1.txt’. This file will contain a list of the points that are currently 
in the programs memory.  
The next step is to correct any ramping issue. This step is not required, however 
I feel is should be run, even if there is not experimental ramping involved. I have found 
that at times the experiment data will vary from period-to- period, for example one peak 
may be slightly larger than another. This in itself is not a problem, however keep in 
mind, mathematically the experimental data need to be continuous, so the experimental 
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data, which is defined in a fixed time domain, is effective repeated. This step helps 
ensure that the data is continuous, and softens the discontinuity that will occurs when 
the endpoints of the beginning and end of the experiment are put side-by-side. 
When Step 2 has been run, by entering “2” from the main menu, the following will 
appear in the console, and the file “data/ dout_2.txt” will also be written. 
Figure E-5: Program view – Step 2: Correct ramping offset 
 
Figure E-5 shows the indexes that are used of the two domain for the linear 
regression. The first domain uses the values that appear in index 96, and 1714, which 
would be the last data point, and 0 and 1619, which is ½ period from the last data point. 
The slope, Y-intercept, and the R value are shown. The slope, and Y-intercept are both 
useful, to indicate how much the values have been modified. The R values have very 
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little significance, due to the fact that any sinusoidal wave will have a great amount a of 
variation forma a line. 
The next example is shown, Step 3, how to correct the time domain, and do a DC 
correction. After step 1, we have reduced the dataset, so the values do not start at zero. 
Also, to clean up some of the data in the vertical domain. This is not require, however it 
does make the data more tangible, if this data is going to be used to plot any graphs. 
This is also the last time the data will be modified before the Fourier transformation is 
run. Figure E-6 show what the program looks like when this has been completed, also a 
file “data/ dout_3.txt” will be written once this step has run. 
Figure E-6: Program view – Step 3: Correct time domain & DC correction 
 
 
The last step is the most important step. Once all of the filtering is completed, we 
can now run the Fourier analysis. To do this select ‘F’ from the main menu. The first 
25 
option is to use the input frequency as set up in the initial parameters, or to use the 
average calculated period. I have always used the default frequency of 32 (s) as the 
calculation of the average frequency does not work very well. After ‘Y’ – yes –  is 
selected the output summary is shown in the console, and this information, and the 
dataset of the analysis is available in the file ‘data/dout.txt’ 
The summary data shown in Figure E-7, shows that there are 9 cycles (periods), 
1715 data points used, with the input period of a length of 32 seconds, and the total 
period length of 288 (s). The primary frequency w0 is also shown, in this case 0.168 Hz 
 





There were 5 samples that have been analyzed using spectroscopy. The results 
of these samples are shown in Appendix A. For each of these samples the following 
was plotted: 
(1) The raw data for the sample. 
(2) The filtered data generated from step 1, and from step 2of the 
program.  
(3) The results of the Fourier analyses are available in the 
‘Spectroscopy data sheet’, and this data has been plotted. 
 
For each of these samples, there are distinct traits they share in common. The 
input signal is the sharp peak that is not shown in the spectroscopy graph. These points 
have been highlight in the data sheet. For all of these samples analyzed the input signal 
has a period of 32 seconds, which is 1/32 Hz (0.3125 Hz). Since this is our primary 
driving frequency, this is except to be very large. The ‘n’ will be the number of time that 
this signal appears in the time domain.  
Going through the analysis, I noticed that there are some samples that should 
not be analyzed using this methodology. For example, samples 1,3, and 4, if you look at 
the samples, after the step 2 filtering of the data, which can be shown on pages A.1.3, 
A.3.3  & A.4.3. There is a discontinuity in the beginning-to-end of the data set. The 
Fourier series is essentially expanding the data set, infinitely repeating this set. When 
this happens the data is placed end-to-end. Any discontinuity, will result in the 
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spectroscopy have poor or false data. This occurs because there has to be some 
additional correction for this discontinuity.  
I was able to produce Sample 1a, and Sample 4a, which are just a truncated 
version of there previous samples. Data that appear to have the same parameters, such 
as the linear ramping, was used. This usually meant, I took off the 2-3 periods of these 
data sets. These graphs, once modified, line up very well, and there is virtually no 
discontinuity when this is done. Pages A.1a.3 & A.4a.3 show this. For sample 3, I was 
unable to do this. The data set would be very small, just that it appears that the ramping 
change occurs exactly in the middle of the data set. 
Now there were unexpected anomalies. There are minor peaks that occur, 
usually at higher frequencies. This peak occurs usably with a period of 1.7 to 2.3 (s) 
depending on the different samples. The reasons for this peak are unknown. Most of 
these samples, looking at the data in the time domain, it is apparent that there is 
something more than just the primary driving force. Other possibility include some sort 
of phase change, or it may just be that the input signal is not perfectly sinusoidal. 
The assumption is being made that the input signal is perfect sinusoidal for these 
signal. For this reason, we expect a large peak, at this frequency. However if we were to 
use another signal as our driving signal, we may get more information out in the 
spectroscopy, this is due to the fact that our sample would be simulated to spectrum of 
frequencies, rather that one. A saw tooth wave has many more frequency that is 
comprises it, and a square wave has even more. One problem with the technique is that 
is not as strait-forward, as the signal would need to be removed from the spectroscopy 
graph, so that it would be understood what is expected, and what is occurring from the 
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experiment. With a sine wave, there is only one point that need to be remove to 
differentiate the driving frequency, from the signal generated form our sample. 
 
 
































































































n A(n) B(n) C(n) Theta(n) Period Frequency
(s) (Hz)
0 0 0 0.0 0.00
1 -312 -64 318.8 0.20 288.0 0.003
2 -90 74 116.0 -0.69 144.0 0.007
3 -32 44 54.7 -0.95 96.0 0.010
4 0 30 30.2 1.56 72.0 0.014
5 -35 46 58.0 -0.92 57.6 0.017
6 -16 30 34.3 -1.08 48.0 0.021
7 -10 26 27.7 -1.19 41.1 0.024
8 -9 22 24.1 -1.19 36.0 0.028
9 -587 -2680 2743.9 1.36 32.0 0.031
10 -6 21 22.2 -1.30 28.8 0.035
11 -4 17 17.0 -1.34 26.2 0.038
12 -4 18 18.0 -1.35 24.0 0.042
13 -2 17 16.7 -1.46 22.2 0.045
14 -4 12 12.4 -1.26 20.6 0.049
15 -5 9 10.4 -1.07 19.2 0.052
16 -3 10 10.3 -1.25 18.0 0.056
17 -3 11 11.4 -1.33 16.9 0.059
18 -4 10 10.8 -1.21 16.0 0.063
19 -2 11 10.9 -1.37 15.2 0.066
20 -1 8 8.3 -1.41 14.4 0.069
21 -1 9 8.8 -1.43 13.7 0.073
22 -3 8 8.1 -1.25 13.1 0.076
23 1 9 8.6 1.48 12.5 0.080
24 1 9 8.7 1.47 12.0 0.083
25 -1 8 7.5 -1.47 11.5 0.087
26 0 7 6.8 1.50 11.1 0.090
27 -1 7 6.9 -1.42 10.7 0.094
28 -1 7 7.3 -1.50 10.3 0.097
29 0 8 7.5 -1.54 9.9 0.101
30 -1 6 6.2 -1.38 9.6 0.104
31 0 7 6.7 -1.55 9.3 0.108
32 -3 6 7.0 -1.10 9.0 0.111
33 0 5 5.4 -1.49 8.7 0.115
34 -1 5 4.8 -1.30 8.5 0.118
35 -1 6 5.9 -1.38 8.2 0.122
36 -2 5 5.1 -1.18 8.0 0.125
37 -1 6 5.8 -1.42 7.8 0.128
38 0 5 4.9 -1.50 7.6 0.132
39 -2 5 5.2 -1.23 7.4 0.135
40 -3 4 4.7 -0.96 7.2 0.139
41 1 6 6.5 1.34 7.0 0.142
42 -1 5 5.0 -1.42 6.9 0.146
43 -1 4 4.4 -1.39 6.7 0.149
44 0 4 3.8 -1.53 6.5 0.153
45 0 4 4.1 -1.48 6.4 0.156
46 0 4 4.3 1.48 6.3 0.160
47 -1 4 4.4 -1.41 6.1 0.163
48 0 5 4.8 1.49 6.0 0.167
Sample 1 - Spectroscopy data sheet
n A(n) B(n) C(n) Theta(n) Period Frequency
(s) (Hz)
Sample 1 - Spectroscopy data sheet
49 0 5 4.8 1.47 5.9 0.170
50 -2 3 3.8 -0.87 5.8 0.174
51 -2 3 3.1 -1.01 5.6 0.177
52 -1 3 3.3 -1.36 5.5 0.181
53 -1 3 3.1 -1.40 5.4 0.184
54 -1 3 3.5 -1.29 5.3 0.188
55 -1 3 3.4 -1.21 5.2 0.191
56 0 4 4.3 1.48 5.1 0.194
57 -1 2 2.6 -1.28 5.1 0.198
58 -1 3 3.2 -1.37 5.0 0.201
59 0 3 3.4 -1.52 4.9 0.205
60 -2 3 3.9 -1.13 4.8 0.208
61 -1 3 3.2 -1.36 4.7 0.212
62 0 3 2.7 1.40 4.6 0.215
63 -1 4 3.7 -1.42 4.6 0.219
64 -1 2 2.5 -1.36 4.5 0.222
65 0 4 3.6 -1.48 4.4 0.226
66 0 4 4.1 1.45 4.4 0.229
67 1 3 3.7 1.19 4.3 0.233
68 0 2 2.0 -1.37 4.2 0.236
69 0 3 2.7 -1.53 4.2 0.240
70 0 3 2.7 -1.50 4.1 0.243
71 1 3 2.8 1.38 4.1 0.247
72 0 3 2.7 -1.48 4.0 0.250
73 0 3 2.9 -1.53 3.9 0.253
74 0 2 2.2 -1.36 3.9 0.257
75 0 2 1.9 -1.40 3.8 0.260
76 -1 2 1.9 -1.01 3.8 0.264
77 0 2 2.5 1.51 3.7 0.267
78 1 3 2.6 1.37 3.7 0.271
79 0 2 2.4 -1.43 3.6 0.274
80 0 3 2.7 -1.54 3.6 0.278
81 0 3 2.5 1.46 3.6 0.281
82 -1 3 3.2 -1.34 3.5 0.285
83 -1 3 3.3 -1.37 3.5 0.288
84 0 2 2.2 -1.54 3.4 0.292
85 1 3 3.3 1.26 3.4 0.295
86 0 1 1.2 -1.18 3.3 0.299
87 0 2 2.0 -1.44 3.3 0.302
88 0 2 2.5 -1.56 3.3 0.306
89 0 2 1.8 -1.54 3.2 0.309
90 0 2 1.8 -1.45 3.2 0.313
91 -1 1 1.5 -1.19 3.2 0.316
92 -1 2 1.7 -1.21 3.1 0.319
93 -1 1 1.3 -1.11 3.1 0.323
94 0 2 1.6 -1.32 3.1 0.326
95 0 3 2.6 1.42 3.0 0.330
96 0 2 1.7 -1.54 3.0 0.333
97 0 2 2.0 -1.51 3.0 0.337
n A(n) B(n) C(n) Theta(n) Period Frequency
(s) (Hz)
Sample 1 - Spectroscopy data sheet
98 -1 2 2.1 -1.12 2.9 0.340
99 0 2 2.5 -1.45 2.9 0.344
100 0 2 1.9 -1.46 2.9 0.347
101 0 3 2.8 1.49 2.9 0.351
102 0 1 1.0 -1.52 2.8 0.354
103 0 2 2.4 1.48 2.8 0.358
104 0 1 0.6 -1.45 2.8 0.361
105 0 1 1.1 -1.46 2.7 0.365
106 0 1 1.1 1.43 2.7 0.368
107 -1 1 1.0 -0.86 2.7 0.372
108 -1 2 2.0 -1.27 2.7 0.375
109 0 1 0.8 -1.41 2.6 0.378
110 -1 1 1.6 -0.82 2.6 0.382
111 0 1 0.8 -1.34 2.6 0.385
112 -1 0 0.9 -0.36 2.6 0.389
113 -1 0 1.2 -0.03 2.5 0.392
114 -1 2 2.3 -0.96 2.5 0.396
115 -1 2 2.0 -1.32 2.5 0.399
116 -2 2 2.8 -0.98 2.5 0.403
117 -1 3 3.0 -1.16 2.5 0.406
118 1 3 2.9 1.20 2.4 0.410
119 0 3 3.4 1.47 2.4 0.413
120 4 3 5.0 0.55 2.4 0.417
121 4 -3 5.3 -0.65 2.4 0.420
122 2 -6 6.7 -1.28 2.4 0.424
123 -5 -5 7.4 0.79 2.3 0.427
124 -17 -4 17.4 0.25 2.3 0.431
125 -15 14 20.6 -0.77 2.3 0.434
126 11 12 16.9 0.83 2.3 0.438
127 -20 4 20.3 -0.18 2.3 0.441
128 -4 -4 6.0 0.75 2.3 0.444
129 -2 1 1.7 -0.34 2.2 0.448
130 0 0 0.3 -0.32 2.2 0.451
131 -1 2 1.7 -1.26 2.2 0.455
132 -1 2 2.1 -1.01 2.2 0.458
133 -1 2 1.7 -1.10 2.2 0.462
134 -1 1 1.6 -1.13 2.1 0.465
135 -1 1 1.5 -1.12 2.1 0.469
136 -1 1 1.5 -1.09 2.1 0.472
137 -1 1 1.5 -1.11 2.1 0.476
138 -1 1 1.6 -1.11 2.1 0.479
139 -1 1 1.6 -1.13 2.1 0.483
140 -1 1 1.5 -1.12 2.1 0.486
141 -1 1 1.6 -1.11 2.0 0.490
142 -1 1 1.5 -1.12 2.0 0.493
143 -1 1 1.5 -1.10 2.0 0.497
144 -1 1 1.6 -1.11 2.0 0.500
145 -1 1 1.5 -1.11 2.0 0.503
146 -1 1 1.6 -1.11 2.0 0.507





























































































n A(n) B(n) C(n) Theta(n) Period Frequency
(s) (Hz)
0 0 0 0.0 0.00
1 -23 -9 25.0 0.39 192.0 0.005
2 -14 1 13.8 -0.09 96.0 0.010
3 12 41 43.0 1.28 64.0 0.016
4 -4 3 5.2 -0.73 48.0 0.021
5 -1 5 5.2 -1.28 38.4 0.026
6 -580 -2697 2759.0 1.36 32.0 0.031
7 -3 4 4.7 -0.90 27.4 0.036
8 -1 5 5.2 -1.36 24.0 0.042
9 -3 6 6.4 -1.04 21.3 0.047
10 -3 1 3.0 -0.30 19.2 0.052
11 1 2 1.9 1.19 17.5 0.057
12 -1 2 2.1 -0.82 16.0 0.063
13 -1 1 1.9 -0.82 14.8 0.068
14 1 2 2.3 1.27 13.7 0.073
15 1 -1 1.5 -0.46 12.8 0.078
16 2 3 3.2 1.01 12.0 0.083
17 0 1 1.0 1.08 11.3 0.089
18 0 2 2.2 1.54 10.7 0.094
19 1 3 2.7 1.31 10.1 0.099
20 -1 2 2.1 -1.12 9.6 0.104
21 -1 5 4.7 -1.33 9.1 0.109
22 1 1 1.1 1.08 8.7 0.115
23 1 1 1.3 0.79 8.3 0.120
24 -1 0 0.8 -0.31 8.0 0.125
25 0 1 1.1 -1.46 7.7 0.130
26 -1 2 2.1 -1.25 7.4 0.135
27 2 -2 2.3 -0.74 7.1 0.141
28 -1 1 2.0 -0.79 6.9 0.146
29 -1 0 0.8 -0.23 6.6 0.151
30 0 1 0.8 -1.24 6.4 0.156
31 0 2 2.0 1.51 6.2 0.161
32 1 2 1.7 1.27 6.0 0.167
33 -2 3 3.6 -1.06 5.8 0.172
34 -1 0 0.7 0.35 5.6 0.177
35 0 0 0.5 1.23 5.5 0.182
36 0 1 1.1 1.38 5.3 0.188
37 1 0 1.1 -0.03 5.2 0.193
38 -1 0 0.6 0.07 5.1 0.198
39 0 0 0.4 1.18 4.9 0.203
40 -1 1 1.7 -0.64 4.8 0.208
41 0 0 0.3 0.89 4.7 0.214
42 0 2 1.8 -1.36 4.6 0.219
43 1 0 0.8 0.65 4.5 0.224
44 0 1 1.1 1.19 4.4 0.229
45 0 2 1.9 -1.40 4.3 0.234
46 1 1 1.3 1.01 4.2 0.240
47 1 1 0.9 0.74 4.1 0.245
48 0 1 1.3 1.55 4.0 0.250
Sample 1a - Spectroscopy data sheet
n A(n) B(n) C(n) Theta(n) Period Frequency
(s) (Hz)
Sample 1a - Spectroscopy data sheet
49 0 1 1.5 -1.31 3.9 0.255
50 0 1 0.8 1.37 3.8 0.260
51 1 0 0.8 -0.22 3.8 0.266
52 1 1 1.5 0.79 3.7 0.271
53 1 1 1.0 0.97 3.6 0.276
54 1 1 1.4 0.86 3.6 0.281
55 0 1 1.4 -1.28 3.5 0.286
56 0 0 0.4 0.30 3.4 0.292
57 -1 2 2.1 -0.97 3.4 0.297
58 0 1 1.1 1.30 3.3 0.302
59 0 1 1.4 -1.37 3.3 0.307
60 0 1 1.4 -1.47 3.2 0.313
61 0 1 0.8 -1.54 3.1 0.318
62 0 0 0.3 1.37 3.1 0.323
63 1 1 1.2 0.52 3.0 0.328
64 0 1 0.9 -1.57 3.0 0.333
65 0 2 1.7 -1.40 3.0 0.339
66 0 2 1.5 1.45 2.9 0.344
67 1 1 1.4 0.94 2.9 0.349
68 0 0 0.5 -0.03 2.8 0.354
69 -1 1 1.9 -0.72 2.8 0.359
70 0 1 1.2 -1.38 2.7 0.365
71 0 2 1.8 -1.36 2.7 0.370
72 0 2 2.3 -1.45 2.7 0.375
73 0 2 2.1 1.52 2.6 0.380
74 0 1 1.2 1.36 2.6 0.385
75 0 1 1.0 -1.34 2.6 0.391
76 0 2 2.2 1.36 2.5 0.396
77 0 3 3.1 1.45 2.5 0.401
78 0 2 2.4 -1.40 2.5 0.406
79 1 4 4.3 1.38 2.4 0.411
80 1 4 4.2 1.26 2.4 0.417
81 2 3 3.7 1.02 2.4 0.422
82 2 9 9.4 1.39 2.3 0.427
83 3 6 6.8 1.05 2.3 0.432
84 14 8 16.1 0.49 2.3 0.438
85 -15 -17 22.7 0.82 2.3 0.443
86 -1 -7 6.7 1.40 2.2 0.448
87 1 -4 4.1 -1.29 2.2 0.453
88 0 -2 2.3 1.40 2.2 0.458
89 0 -2 2.1 1.50 2.2 0.464
90 0 -2 1.7 1.54 2.1 0.469
91 0 -1 1.4 1.54 2.1 0.474
92 0 -1 1.2 1.55 2.1 0.479
93 0 -1 1.0 1.48 2.1 0.484
94 0 -1 0.8 1.53 2.0 0.490
95 0 -1 0.7 1.57 2.0 0.495
96 0 -1 0.7 1.57 2.0 0.500
97 0 -1 0.6 -1.55 2.0 0.505
n A(n) B(n) C(n) Theta(n) Period Frequency
(s) (Hz)
Sample 1a - Spectroscopy data sheet
98 0 -1 0.6 -1.50 2.0 0.510
99 0 -1 0.6 1.45 1.9 0.516
100 0 -1 0.5 1.46 1.9 0.521
101 0 0 0.3 -1.50 1.9 0.526
102 0 0 0.4 -1.37 1.9 0.531
103 0 0 0.3 1.29 1.9 0.536
104 0 0 0.3 -1.43 1.8 0.542
105 0 0 0.3 -0.78 1.8 0.547
106 0 0 0.3 0.98 1.8 0.552
107 0 0 0.4 1.05 1.8 0.557
108 0 0 0.4 -1.09 1.8 0.563
109 0 0 0.4 1.17 1.8 0.568
110 0 0 0.1 1.15 1.7 0.573
111 0 0 0.4 0.63 1.7 0.578
112 0 0 0.2 1.40 1.7 0.583
113 0 0 0.1 -0.16 1.7 0.589
114 0 0 0.2 1.40 1.7 0.594
115 0 0 0.2 0.05 1.7 0.599
116 0 0 0.1 0.94 1.7 0.604
117 1 0 0.6 0.06 1.6 0.609
118 0 0 0.3 -1.14 1.6 0.615
119 0 0 0.2 0.58 1.6 0.620
120 0 0 0.0 -0.18 1.6 0.625
121 0 0 0.2 -0.39 1.6 0.630
122 0 0 0.1 -1.51 1.6 0.635
123 0 0 0.6 0.84 1.6 0.641
124 0 0 0.1 0.97 1.5 0.646
125 0 0 0.3 -0.13 1.5 0.651
126 0 0 0.2 -0.50 1.5 0.656
127 0 0 0.1 -1.32 1.5 0.661
128 0 0 0.2 0.22 1.5 0.667
129 0 0 0.3 0.56 1.5 0.672
130 0 0 0.3 -1.42 1.5 0.677
131 0 0 0.1 -1.31 1.5 0.682
132 0 0 0.3 -0.14 1.5 0.688
133 0 0 0.2 1.37 1.4 0.693
134 0 0 0.6 0.97 1.4 0.698
135 -1 0 0.7 -0.10 1.4 0.703
136 -1 0 1.0 -0.46 1.4 0.708
137 1 -1 1.7 -1.12 1.4 0.714
138 -1 0 0.8 0.59 1.4 0.719
139 0 0 0.6 0.66 1.4 0.724
140 0 0 0.2 -0.98 1.4 0.729
141 0 0 0.5 0.87 1.4 0.734
142 0 0 0.3 1.29 1.4 0.740
143 0 0 0.1 -0.44 1.3 0.745
144 0 0 0.0 0.05 1.3 0.750
145 0 0 0.2 0.72 1.3 0.755
146 0 0 0.1 0.56 1.3 0.760




























































































n A(n) B(n) C(n) Theta(n) Period Frequency
(s) (Hz)
0 0 0 0.0 0.00
1 39 -34 52.0 -0.71 128.0 0.008
2 69 117 136.0 1.04 64.0 0.016
3 13 -5 14.0 -0.34 42.7 0.023
4 -3029 -12006 12382.0 1.32 32.0 0.031
5 -4 8 9.0 -1.13 25.6 0.039
6 1 8 8.0 1.45 21.3 0.047
7 -4 2 4.0 -0.48 18.3 0.055
8 -3 2 3.0 -0.59 16.0 0.063
9 0 2 2.0 -1.37 14.2 0.070
10 -5 -10 11.0 1.15 12.8 0.078
11 -1 -1 1.0 1.00 11.6 0.086
12 -1 -2 3.0 1.12 10.7 0.094
13 -1 -3 3.0 1.30 9.8 0.102
14 -2 10 10.0 -1.36 9.1 0.109
15 -2 3 3.0 -0.96 8.5 0.117
16 -2 -1 2.0 0.29 8.0 0.125
17 -6 0 6.0 0.03 7.5 0.133
18 -5 -7 9.0 0.96 7.1 0.141
19 -3 0 3.0 -0.16 6.7 0.148
20 -4 2 5.0 -0.37 6.4 0.156
21 -2 3 4.0 -1.06 6.1 0.164
22 0 8 8.0 -1.54 5.8 0.172
23 -5 1 5.0 -0.18 5.6 0.180
24 -6 1 6.0 -0.24 5.3 0.188
25 -1 0 1.0 0.03 5.1 0.195
26 -3 -7 8.0 1.15 4.9 0.203
27 -3 2 4.0 -0.59 4.7 0.211
28 -5 -3 5.0 0.53 4.6 0.219
29 -4 0 4.0 0.07 4.4 0.227
30 -1 8 8.0 -1.38 4.3 0.234
31 -4 2 4.0 -0.54 4.1 0.242
32 -4 0 4.0 0.00 4.0 0.250
33 -3 2 3.0 -0.57 3.9 0.258
34 -7 -6 9.0 0.68 3.8 0.266
35 -1 0 1.0 -0.20 3.7 0.273
36 -5 0 5.0 -0.01 3.6 0.281
37 -2 3 4.0 -0.85 3.5 0.289
38 -4 10 10.0 -1.17 3.4 0.297
39 -1 1 1.0 -0.71 3.3 0.305
40 -4 3 5.0 -0.66 3.2 0.313
41 -5 4 6.0 -0.76 3.1 0.320
42 -2 -4 5.0 1.16 3.0 0.328
43 0 0 1.0 0.75 3.0 0.336
44 -4 -2 4.0 0.57 2.9 0.344
45 1 0 1.0 0.21 2.8 0.352
46 -2 5 5.0 -1.25 2.8 0.359
47 0 -3 3.0 -1.53 2.7 0.367
48 -4 1 4.0 -0.16 2.7 0.375
Sample 2 - Spectroscopy data sheet
n A(n) B(n) C(n) Theta(n) Period Frequency
(s) (Hz)
Sample 2 - Spectroscopy data sheet
49 -3 -3 4.0 0.73 2.6 0.383
50 -4 -10 11.0 1.21 2.6 0.391
51 0 1 1.0 -1.55 2.5 0.398
52 -4 1 4.0 -0.27 2.5 0.406
53 -4 0 4.0 0.09 2.4 0.414
54 0 5 5.0 1.51 2.4 0.422
55 -2 1 3.0 -0.47 2.3 0.430
56 0 -1 1.0 1.51 2.3 0.438
57 -2 0 2.0 -0.04 2.2 0.445
58 -4 -8 8.0 1.14 2.2 0.453
59 -4 0 4.0 -0.03 2.2 0.461
60 -2 2 3.0 -0.68 2.1 0.469
61 -4 -2 4.0 0.45 2.1 0.477
62 -1 7 7.0 -1.37 2.1 0.484
63 -4 2 4.0 -0.57 2.0 0.492
64 -7 4 8.0 -0.49 2.0 0.500
65 -3 -2 4.0 0.61 2.0 0.508
66 -7 -5 9.0 0.57 1.9 0.516
67 -3 1 3.0 -0.49 1.9 0.523
68 -4 -4 6.0 0.80 1.9 0.531
69 -2 1 2.0 -0.23 1.9 0.539
70 -4 8 9.0 -1.13 1.8 0.547
71 -4 -3 4.0 0.61 1.8 0.555
72 -4 -5 6.0 0.80 1.8 0.563
73 -6 -1 6.0 0.16 1.8 0.570
74 -8 -5 10.0 0.59 1.7 0.578
75 -6 -1 6.0 0.19 1.7 0.586
76 -3 -1 3.0 0.44 1.7 0.594
77 -4 -2 5.0 0.44 1.7 0.602
78 0 0 0.0 0.12 1.6 0.609
79 -5 0 5.0 -0.05 1.6 0.617
80 -4 -3 5.0 0.69 1.6 0.625
81 -7 -1 7.0 0.19 1.6 0.633
82 -9 -7 11.0 0.65 1.6 0.641
83 -5 -1 5.0 0.26 1.5 0.648
84 -7 4 8.0 -0.46 1.5 0.656
85 -7 -4 8.0 0.57 1.5 0.664
86 -10 -7 12.0 0.60 1.5 0.672
87 -23 -14 27.0 0.54 1.5 0.680
88 -24 -10 26.0 0.39 1.5 0.688
89 -31 -15 34.0 0.47 1.4 0.695
90 -56 -3 56.0 0.05 1.4 0.703
91 -43 35 55.0 -0.68 1.4 0.711
92 -39 64 75.0 -1.02 1.4 0.719
93 -16 113 114.0 -1.43 1.4 0.727
94 110 128 169.0 0.86 1.4 0.734
95 88 -62 107.0 -0.61 1.3 0.742
96 -41 67 79.0 -1.02 1.3 0.750
97 -34 -13 37.0 0.37 1.3 0.758
n A(n) B(n) C(n) Theta(n) Period Frequency
(s) (Hz)
Sample 2 - Spectroscopy data sheet
98 -15 14 21.0 -0.74 1.3 0.766
99 10 2 10.0 0.19 1.3 0.773
100 5 -1 5.0 -0.24 1.3 0.781
101 -1 5 5.0 -1.33 1.3 0.789
102 10 8 12.0 0.68 1.3 0.797
103 5 -5 7.0 -0.87 1.2 0.805
104 4 3 5.0 0.60 1.2 0.813
105 2 0 2.0 0.11 1.2 0.820
106 0 1 1.0 -0.87 1.2 0.828
107 2 5 5.0 1.20 1.2 0.836
108 1 6 6.0 1.34 1.2 0.844
109 0 2 2.0 1.35 1.2 0.852
110 5 5 7.0 0.85 1.2 0.859
111 2 3 3.0 0.87 1.2 0.867
112 1 -1 2.0 -0.59 1.1 0.875
113 2 -1 2.0 -0.32 1.1 0.883
114 -1 -5 5.0 1.39 1.1 0.891
115 3 0 3.0 0.16 1.1 0.898
116 0 1 1.0 0.90 1.1 0.906
117 1 1 1.0 1.03 1.1 0.914
118 3 5 6.0 1.06 1.1 0.922
119 -1 2 3.0 -1.20 1.1 0.930
120 0 0 0.0 -1.09 1.1 0.938
121 2 3 3.0 0.98 1.1 0.945
122 0 -1 1.0 1.04 1.0 0.953
123 -2 3 4.0 -1.14 1.0 0.961
124 1 -2 2.0 -1.16 1.0 0.969
125 3 3 4.0 0.73 1.0 0.977
126 6 5 8.0 0.74 1.0 0.984
127 0 0 0.0 -0.60 1.0 0.992
128 1 2 2.0 1.01 1.0 1.000
129 1 0 1.0 0.72 1.0 1.008
130 -4 -4 6.0 0.78 1.0 1.016
131 1 0 1.0 -0.52 1.0 1.023
132 0 1 1.0 1.26 1.0 1.031
133 0 0 0.0 -0.40 1.0 1.039
134 3 3 5.0 0.78 1.0 1.047
135 -1 0 1.0 0.45 0.9 1.055
136 0 0 0.0 -1.39 0.9 1.063
137 0 -1 1.0 1.22 0.9 1.070
138 -4 -5 6.0 0.92 0.9 1.078
139 -1 -1 1.0 1.00 0.9 1.086
140 -1 1 1.0 -0.71 0.9 1.094
141 -3 0 3.0 0.16 0.9 1.102
142 2 4 4.0 1.03 0.9 1.109
143 0 0 0.0 0.22 0.9 1.117
144 0 2 2.0 -1.37 0.9 1.125
145 -2 1 2.0 -0.34 0.9 1.133
146 -2 -2 3.0 0.83 0.9 1.141



































































































n A(n) B(n) C(n) Theta(n) Period Frequency
(s) (Hz)
0 0 0 0.0 0.00
1 -9 1 8.8 -0.14 288.0 0.003
2 -2 -1 2.3 0.64 144.0 0.007
3 0 -2 1.8 -1.41 96.0 0.010
4 1 -1 1.5 -0.44 72.0 0.014
5 -2 0 1.7 -0.07 57.6 0.017
6 -1 0 1.0 -0.33 48.0 0.021
7 0 0 0.1 0.71 41.1 0.024
8 0 0 0.4 1.03 36.0 0.028
9 8 -93 93.8 -1.48 32.0 0.031
10 0 0 0.3 -0.08 28.8 0.035
11 0 0 0.4 -1.11 26.2 0.038
12 0 0 0.5 -1.27 24.0 0.042
13 0 0 0.3 -1.54 22.2 0.045
14 0 0 0.3 1.17 20.6 0.049
15 0 0 0.3 1.50 19.2 0.052
16 0 0 0.4 0.55 18.0 0.056
17 0 0 0.1 0.48 16.9 0.059
18 0 0 0.2 0.42 16.0 0.063
19 0 0 0.1 -1.38 15.2 0.066
20 0 0 0.2 -0.31 14.4 0.069
21 0 0 0.4 1.50 13.7 0.073
22 0 0 0.2 -1.47 13.1 0.076
23 0 0 0.3 0.71 12.5 0.080
24 0 0 0.2 0.30 12.0 0.083
25 0 0 0.1 0.37 11.5 0.087
26 0 0 0.3 0.46 11.1 0.090
27 0 0 0.1 -1.46 10.7 0.094
28 0 0 0.2 -0.38 10.3 0.097
29 0 0 0.1 -0.07 9.9 0.101
30 0 0 0.2 -0.92 9.6 0.104
31 0 0 0.1 1.49 9.3 0.108
32 0 0 0.2 1.05 9.0 0.111
33 0 0 0.1 -0.19 8.7 0.115
34 0 0 0.1 1.10 8.5 0.118
35 0 0 0.5 -1.49 8.2 0.122
36 0 0 0.1 0.65 8.0 0.125
37 0 0 0.2 -0.26 7.8 0.128
38 0 0 0.1 -0.95 7.6 0.132
39 0 0 0.2 0.87 7.4 0.135
40 0 0 0.4 -1.33 7.2 0.139
41 0 0 0.3 0.69 7.0 0.142
42 0 0 0.1 0.03 6.9 0.146
43 0 0 0.2 -0.17 6.7 0.149
44 0 0 0.1 1.21 6.5 0.153
45 0 0 0.2 -0.34 6.4 0.156
46 0 0 0.3 0.53 6.3 0.160
47 0 0 0.3 -0.30 6.1 0.163
48 0 0 0.1 0.16 6.0 0.167
Sample 3 - Spectroscopy data sheet
n A(n) B(n) C(n) Theta(n) Period Frequency
(s) (Hz)
Sample 3 - Spectroscopy data sheet
49 0 0 0.2 -0.90 5.9 0.170
50 0 0 0.1 -0.46 5.8 0.174
51 0 0 0.1 0.85 5.6 0.177
52 0 0 0.1 0.06 5.5 0.181
53 0 0 0.1 -1.42 5.4 0.184
54 0 0 0.1 1.41 5.3 0.188
55 0 0 0.1 0.18 5.2 0.191
56 0 0 0.2 -1.56 5.1 0.194
57 0 0 0.0 -0.83 5.1 0.198
58 0 0 0.1 1.14 5.0 0.201
59 0 0 0.1 1.28 4.9 0.205
60 0 0 0.1 -0.84 4.8 0.208
61 0 0 0.1 -0.97 4.7 0.212
62 0 0 0.0 1.07 4.6 0.215
63 0 0 0.1 1.26 4.6 0.219
64 0 0 0.2 -0.72 4.5 0.222
65 0 0 0.1 1.15 4.4 0.226
66 0 0 0.0 0.13 4.4 0.229
67 0 0 0.2 -1.29 4.3 0.233
68 0 0 0.1 0.05 4.2 0.236
69 0 0 0.1 0.50 4.2 0.240
70 0 0 0.2 -0.89 4.1 0.243
71 0 0 0.2 -1.17 4.1 0.247
72 0 0 0.0 1.41 4.0 0.250
73 0 0 0.2 -0.30 3.9 0.253
74 0 0 0.2 -1.11 3.9 0.257
75 0 0 0.1 1.48 3.8 0.260
76 0 0 0.1 -0.79 3.8 0.264
77 0 0 0.1 -0.71 3.7 0.267
78 0 0 0.2 -0.65 3.7 0.271
79 0 0 0.1 0.29 3.6 0.274
80 0 0 0.0 -0.61 3.6 0.278
81 0 0 0.1 -1.12 3.6 0.281
82 0 0 0.0 -0.16 3.5 0.285
83 0 0 0.2 -1.28 3.5 0.288
84 0 0 0.1 1.10 3.4 0.292
85 0 0 0.3 0.34 3.4 0.295
86 0 0 0.1 0.06 3.3 0.299
87 0 0 0.1 1.43 3.3 0.302
88 0 0 0.1 -1.07 3.3 0.306
89 0 0 0.2 -0.48 3.2 0.309
90 0 0 0.1 0.60 3.2 0.313
91 0 0 0.3 -0.58 3.2 0.316
92 0 0 0.1 1.12 3.1 0.319
93 0 0 0.4 -0.30 3.1 0.323
94 0 0 0.3 0.38 3.1 0.326
95 0 0 0.0 -0.84 3.0 0.330
96 0 0 0.1 1.36 3.0 0.333
97 0 0 0.1 -1.05 3.0 0.337
n A(n) B(n) C(n) Theta(n) Period Frequency
(s) (Hz)
Sample 3 - Spectroscopy data sheet
98 1 0 0.7 0.30 2.9 0.340
99 0 1 1.0 -1.10 2.9 0.344
100 0 0 0.5 -0.20 2.9 0.347
101 -1 0 0.5 0.11 2.9 0.351
102 -1 1 1.2 -1.10 2.8 0.354
103 1 0 0.7 0.69 2.8 0.358
104 0 0 0.1 0.36 2.8 0.361
105 0 0 0.3 0.16 2.7 0.365
106 0 0 0.2 -0.47 2.7 0.368
107 0 0 0.1 1.28 2.7 0.372
108 0 0 0.2 -0.12 2.7 0.375
109 0 0 0.0 -1.03 2.6 0.378
110 0 0 0.1 0.92 2.6 0.382
111 0 0 0.1 0.05 2.6 0.385
112 0 0 0.1 -1.48 2.6 0.389
113 0 0 0.1 -1.55 2.5 0.392
114 0 0 0.1 -0.83 2.5 0.396
115 0 0 0.1 -0.98 2.5 0.399
116 0 0 0.1 -0.59 2.5 0.403
117 0 0 0.0 -1.28 2.5 0.406
118 0 0 0.0 -0.82 2.4 0.410
119 0 0 0.1 -0.02 2.4 0.413
120 0 0 0.0 -1.46 2.4 0.417
121 0 0 0.1 -1.37 2.4 0.420
122 0 0 0.0 -0.75 2.4 0.424
123 0 0 0.0 -0.53 2.3 0.427
124 0 0 0.0 -1.44 2.3 0.431
125 0 0 0.0 0.95 2.3 0.434
126 0 0 0.0 -1.35 2.3 0.438
127 0 0 0.0 0.00 2.3 0.441
128 0 0 0.0 -0.89 2.3 0.444
129 0 0 0.0 -0.32 2.2 0.448
130 0 0 0.0 0.74 2.2 0.451
131 0 0 0.0 -1.46 2.2 0.455
132 0 0 0.0 1.06 2.2 0.458
133 0 0 0.0 0.92 2.2 0.462
134 0 0 0.0 0.58 2.1 0.465
135 0 0 0.0 0.23 2.1 0.469
136 0 0 0.0 1.24 2.1 0.472
137 0 0 0.0 1.34 2.1 0.476
138 0 0 0.0 1.29 2.1 0.479
139 0 0 0.0 -1.16 2.1 0.483
140 0 0 0.0 1.08 2.1 0.486
141 0 0 0.0 1.27 2.0 0.490
142 0 0 0.0 1.20 2.0 0.493
143 0 0 0.0 1.37 2.0 0.497
144 0 0 0.0 1.39 2.0 0.500
145 0 0 0.0 1.33 2.0 0.503
146 0 0 0.0 1.17 2.0 0.507

































































































n A(n) B(n) C(n) Theta(n) Period Frequency
(s) (Hz)
0 0 0 0.0 0.00
1 -163 -28 165.6 0.17 288.0 0.003
2 -70 27 75.2 -0.37 144.0 0.007
3 -34 24 41.9 -0.62 96.0 0.010
4 -32 27 42.0 -0.71 72.0 0.014
5 -15 -2 14.9 0.11 57.6 0.017
6 -24 6 24.9 -0.24 48.0 0.021
7 -38 10 39.0 -0.27 41.1 0.024
8 -48 33 58.0 -0.60 36.0 0.028
9 -240 -1608 1625.9 1.42 32.0 0.031
10 21 56 59.3 1.21 28.8 0.035
11 29 27 39.6 0.76 26.2 0.038
12 22 13 25.8 0.55 24.0 0.042
13 16 11 19.1 0.59 22.2 0.045
14 4 7 7.8 1.10 20.6 0.049
15 6 5 7.7 0.70 19.2 0.052
16 4 6 7.1 1.04 18.0 0.056
17 1 8 8.4 1.43 16.9 0.059
18 7 11 12.5 1.02 16.0 0.063
19 9 7 11.1 0.64 15.2 0.066
20 4 4 6.0 0.76 14.4 0.069
21 1 4 4.4 1.27 13.7 0.073
22 -1 2 2.4 -1.08 13.1 0.076
23 7 4 7.6 0.49 12.5 0.080
24 3 4 5.1 0.94 12.0 0.083
25 2 3 4.0 0.93 11.5 0.087
26 4 3 4.7 0.68 11.1 0.090
27 3 4 4.9 0.90 10.7 0.094
28 0 1 1.0 1.10 10.3 0.097
29 1 2 2.1 1.06 9.9 0.101
30 3 3 3.7 0.75 9.6 0.104
31 5 4 6.8 0.68 9.3 0.108
32 -1 2 2.5 -1.00 9.0 0.111
33 1 2 2.2 1.29 8.7 0.115
34 1 1 1.8 0.93 8.5 0.118
35 1 2 2.7 1.07 8.2 0.122
36 0 1 1.0 1.18 8.0 0.125
37 0 1 1.0 -1.24 7.8 0.128
38 2 1 2.0 0.65 7.6 0.132
39 1 1 1.2 1.09 7.4 0.135
40 -2 2 2.4 -0.70 7.2 0.139
41 3 4 4.9 1.00 7.0 0.142
42 2 1 2.9 0.55 6.9 0.146
43 3 3 4.4 0.75 6.7 0.149
44 2 3 3.5 0.95 6.5 0.153
45 2 1 2.2 0.71 6.4 0.156
46 2 3 3.5 1.10 6.3 0.160
47 1 3 3.5 1.23 6.1 0.163
48 1 4 3.7 1.40 6.0 0.167
Sample 4 - Spectroscopy data sheet
n A(n) B(n) C(n) Theta(n) Period Frequency
(s) (Hz)
Sample 4 - Spectroscopy data sheet
49 3 3 4.5 0.78 5.9 0.170
50 -2 0 1.6 -0.28 5.8 0.174
51 -1 1 1.8 -0.92 5.6 0.177
52 -1 2 2.5 -1.25 5.5 0.181
53 -2 1 2.0 -0.73 5.4 0.184
54 -2 1 1.6 -0.36 5.3 0.188
55 -1 -1 1.5 0.74 5.2 0.191
56 0 0 0.5 1.17 5.1 0.194
57 0 1 0.8 -1.33 5.1 0.198
58 -2 -1 2.5 0.47 5.0 0.201
59 1 2 2.1 1.08 4.9 0.205
60 1 2 2.0 1.04 4.8 0.208
61 0 1 1.2 1.37 4.7 0.212
62 2 1 2.2 0.55 4.6 0.215
63 1 2 2.3 0.96 4.6 0.219
64 1 2 2.4 1.28 4.5 0.222
65 1 3 2.7 1.27 4.4 0.226
66 0 3 2.9 -1.41 4.4 0.229
67 0 3 3.0 -1.53 4.3 0.233
68 -1 -1 1.9 0.70 4.2 0.236
69 0 1 0.6 1.55 4.2 0.240
70 -1 1 1.6 -1.13 4.1 0.243
71 -2 1 2.1 -0.71 4.1 0.247
72 -2 1 2.1 -0.36 4.0 0.250
73 -1 0 1.4 -0.05 3.9 0.253
74 -1 1 1.6 -0.35 3.9 0.257
75 -2 0 2.0 0.00 3.8 0.260
76 -2 -2 2.3 0.81 3.8 0.264
77 2 2 2.7 0.79 3.7 0.267
78 1 2 2.5 1.33 3.7 0.271
79 0 2 1.6 1.46 3.6 0.274
80 0 1 0.7 1.10 3.6 0.278
81 1 1 1.6 0.95 3.6 0.281
82 1 2 2.1 1.30 3.5 0.285
83 0 2 2.0 -1.42 3.5 0.288
84 -1 1 2.0 -0.81 3.4 0.292
85 0 1 1.4 -1.37 3.4 0.295
86 0 -2 1.8 1.31 3.3 0.299
87 0 0 0.4 -0.78 3.3 0.302
88 -1 1 1.1 -0.50 3.3 0.306
89 -1 0 0.9 -0.48 3.2 0.309
90 0 1 1.0 -1.30 3.2 0.313
91 0 0 0.1 -0.96 3.2 0.316
92 0 0 0.7 -0.78 3.1 0.319
93 0 0 0.6 0.75 3.1 0.323
94 1 0 0.6 -0.40 3.1 0.326
95 1 2 2.8 1.14 3.0 0.330
96 0 3 2.6 -1.41 3.0 0.333
97 -1 2 1.7 -1.13 3.0 0.337
n A(n) B(n) C(n) Theta(n) Period Frequency
(s) (Hz)
Sample 4 - Spectroscopy data sheet
98 1 0 0.8 0.20 2.9 0.340
99 2 1 1.7 0.51 2.9 0.344
100 0 3 2.6 -1.42 2.9 0.347
101 -1 3 3.2 -1.11 2.9 0.351
102 -2 1 2.0 -0.33 2.8 0.354
103 -1 0 1.0 -0.48 2.8 0.358
104 -1 -1 1.7 0.71 2.8 0.361
105 -1 -2 2.2 1.10 2.7 0.365
106 1 -2 2.5 -0.99 2.7 0.368
107 2 1 1.8 0.31 2.7 0.372
108 0 3 3.0 1.51 2.7 0.375
109 -1 1 2.0 -0.75 2.6 0.378
110 -1 -1 1.3 0.66 2.6 0.382
111 1 0 1.1 -0.31 2.6 0.385
112 1 1 1.6 0.42 2.6 0.389
113 1 2 2.4 0.92 2.5 0.392
114 1 1 1.8 0.88 2.5 0.396
115 1 4 3.7 1.42 2.5 0.399
116 -2 4 4.5 -1.10 2.5 0.403
117 -3 1 3.1 -0.46 2.5 0.406
118 -1 -1 1.6 0.39 2.4 0.410
119 0 0 0.4 -1.10 2.4 0.413
120 0 2 1.6 -1.32 2.4 0.417
121 -1 1 1.5 -0.56 2.4 0.420
122 -1 -1 1.7 0.54 2.4 0.424
123 -1 0 1.1 -0.21 2.3 0.427
124 -2 0 1.7 -0.24 2.3 0.431
125 -2 -1 2.0 0.48 2.3 0.434
126 -1 -2 1.7 1.09 2.3 0.438
127 0 0 0.4 0.46 2.3 0.441
128 0 0 0.5 -0.53 2.3 0.444
129 0 0 0.5 0.55 2.2 0.448
130 0 -1 0.6 -1.48 2.2 0.451
131 1 0 0.7 0.66 2.2 0.455
132 0 0 0.4 -1.53 2.2 0.458
133 0 0 0.5 -0.70 2.2 0.462
134 0 0 0.2 -1.29 2.1 0.465
135 0 0 0.3 -1.20 2.1 0.469
136 0 0 0.2 -0.90 2.1 0.472
137 0 0 0.3 -0.90 2.1 0.476
138 0 0 0.4 1.55 2.1 0.479
139 0 1 0.7 -1.42 2.1 0.483
140 0 0 0.4 -1.14 2.1 0.486
141 0 0 0.4 -1.14 2.0 0.490
142 0 0 0.3 1.26 2.0 0.493
143 0 0 0.5 1.44 2.0 0.497
144 0 0 0.4 -1.32 2.0 0.500
145 0 0 0.1 -1.05 2.0 0.503
146 0 0 0.2 0.66 2.0 0.507

























































































n A(n) B(n) C(n) Theta(n) Period Frequency
(s) (Hz)
0 0 0 0 0.00
1 -22 -1 23 0.05 160.0 0.006
2 -9 10 13 -0.84 80.0 0.013
3 9 -13 16 -0.97 53.3 0.019
4 0 -4 4 1.57 40.0 0.025
5 -215 -1677 1691 1.44 32.0 0.031
6 4 -1 4 -0.21 26.7 0.038
7 6 2 6 0.39 22.9 0.044
8 -5 -3 6 0.54 20.0 0.050
9 0 0 1 -0.97 17.8 0.056
10 1 -1 1 -0.38 16.0 0.063
11 -1 2 2 -1.23 14.5 0.069
12 -6 -1 6 0.13 13.3 0.075
13 4 1 5 0.30 12.3 0.081
14 1 -1 1 -0.91 11.4 0.088
15 1 2 3 1.29 10.7 0.094
16 1 -2 2 -1.05 10.0 0.100
17 5 0 5 0.05 9.4 0.106
18 -3 -1 3 0.31 8.9 0.113
19 0 -1 1 1.57 8.4 0.119
20 -1 -1 2 0.46 8.0 0.125
21 1 -2 2 -1.29 7.6 0.131
22 -1 -1 1 0.60 7.3 0.138
23 2 0 2 0.22 7.0 0.144
24 4 2 4 0.54 6.7 0.150
25 2 1 2 0.36 6.4 0.156
26 1 3 3 1.19 6.2 0.163
27 1 2 2 1.24 5.9 0.169
28 -3 1 3 -0.16 5.7 0.175
29 -3 2 3 -0.56 5.5 0.181
30 -4 -1 4 0.20 5.3 0.188
31 -1 -3 3 1.39 5.2 0.194
32 -3 -1 3 0.47 5.0 0.200
33 2 0 2 0.10 4.8 0.206
34 1 -1 1 -0.84 4.7 0.213
35 2 2 3 0.81 4.6 0.219
36 1 3 3 1.23 4.4 0.225
37 -1 3 3 -1.17 4.3 0.231
38 -1 -2 2 1.05 4.2 0.238
39 -2 1 2 -0.75 4.1 0.244
40 -3 0 3 0.07 4.0 0.250
41 -2 -1 2 0.38 3.9 0.256
42 -3 -4 5 0.94 3.8 0.263
43 3 1 3 0.50 3.7 0.269
44 -1 0 1 -0.67 3.6 0.275
45 1 1 1 0.43 3.6 0.281
46 -1 2 2 -1.33 3.5 0.288
47 -2 0 2 -0.21 3.4 0.294
48 0 -2 2 1.54 3.3 0.300
Sample 4a - Spectroscopy data sheet
n A(n) B(n) C(n) Theta(n) Period Frequency
(s) (Hz)
Sample 4a - Spectroscopy data sheet
49 -1 -1 1 0.47 3.3 0.306
50 -1 -1 1 0.80 3.2 0.313
51 0 -1 1 1.31 3.1 0.319
52 1 -1 2 -1.14 3.1 0.325
53 1 3 3 1.24 3.0 0.331
54 -2 0 2 -0.06 3.0 0.338
55 2 1 3 0.54 2.9 0.344
56 -2 3 4 -0.99 2.9 0.350
57 -3 -1 3 0.28 2.8 0.356
58 -3 -3 4 0.84 2.8 0.363
59 3 -4 5 -0.84 2.7 0.369
60 1 3 3 1.32 2.7 0.375
61 -2 -2 3 0.79 2.6 0.381
62 3 -1 3 -0.36 2.6 0.388
63 2 2 3 0.90 2.5 0.394
64 1 6 6 1.46 2.5 0.400
65 -6 1 6 -0.20 2.5 0.406
66 0 -1 1 1.11 2.4 0.413
67 -2 1 3 -0.55 2.4 0.419
68 -2 -1 2 0.68 2.4 0.425
69 -3 -1 3 0.17 2.3 0.431
70 -1 -3 3 1.34 2.3 0.438
71 0 -1 1 1.18 2.3 0.444
72 0 -2 2 1.45 2.2 0.450
73 1 0 1 -0.27 2.2 0.456
74 0 -1 1 1.00 2.2 0.463
75 0 0 0 1.44 2.1 0.469
76 0 -1 1 1.46 2.1 0.475
77 0 0 0 -0.19 2.1 0.481
78 0 0 0 1.15 2.1 0.488
79 0 0 0 -1.19 2.0 0.494
80 0 0 0 0.58 2.0 0.500
81 0 0 0 -1.17 2.0 0.506
82 0 0 0 1.14 2.0 0.513
83 0 -1 1 1.28 1.9 0.519
84 1 -1 1 -0.56 1.9 0.525
85 0 0 0 0.00 1.9 0.531
86 0 0 0 -0.84 1.9 0.538
87 -1 0 1 0.13 1.8 0.544
88 -1 -1 2 0.71 1.8 0.550
89 0 0 0 -0.38 1.8 0.556
90 1 -1 2 -0.79 1.8 0.563
91 -2 0 2 -0.09 1.8 0.569
92 3 4 5 1.01 1.7 0.575
93 -4 -2 4 0.50 1.7 0.581
94 1 0 1 0.02 1.7 0.588
95 -1 1 1 -0.88 1.7 0.594
96 -1 -2 2 0.92 1.7 0.600
97 1 -3 3 -1.14 1.6 0.606
n A(n) B(n) C(n) Theta(n) Period Frequency
(s) (Hz)
Sample 4a - Spectroscopy data sheet
98 -1 3 3 -1.15 1.6 0.613
99 -1 -2 2 1.32 1.6 0.619
100 1 0 1 -0.05 1.6 0.625
101 -1 2 2 -0.91 1.6 0.631
102 -1 0 1 -0.35 1.6 0.638
103 1 -1 1 -1.00 1.6 0.644
104 0 0 0 -0.74 1.5 0.650
105 -1 0 1 0.45 1.5 0.656
106 1 1 1 0.61 1.5 0.663
107 -1 -1 1 1.03 1.5 0.669
108 -1 1 1 -0.62 1.5 0.675
109 0 0 0 -1.23 1.5 0.681
110 -1 0 1 -0.11 1.5 0.688
111 0 0 0 1.28 1.4 0.694
112 -1 1 1 -0.82 1.4 0.700
113 0 -1 1 -1.23 1.4 0.706
114 0 0 0 1.56 1.4 0.713
115 0 0 0 1.33 1.4 0.719
116 0 0 0 0.36 1.4 0.725
117 0 0 0 0.50 1.4 0.731
118 -1 1 1 -0.76 1.4 0.738
119 0 0 0 -0.27 1.3 0.744
120 0 0 0 0.34 1.3 0.750
121 0 0 0 -0.06 1.3 0.756
122 -1 1 1 -0.75 1.3 0.763
123 0 -1 1 -1.01 1.3 0.769
124 0 0 0 -0.46 1.3 0.775
125 0 0 0 -0.16 1.3 0.781
126 0 0 0 -0.27 1.3 0.788
127 0 0 0 1.41 1.3 0.794
128 -1 0 1 -0.48 1.3 0.800
129 -1 0 1 -0.19 1.2 0.806
130 0 0 0 -0.64 1.2 0.813
131 0 1 1 -1.09 1.2 0.819
132 -1 0 1 -0.47 1.2 0.825
133 0 0 0 1.15 1.2 0.831
134 0 0 0 1.10 1.2 0.838
135 0 0 0 0.43 1.2 0.844
136 0 0 0 1.36 1.2 0.850
137 0 0 0 -0.92 1.2 0.856
138 0 0 0 -0.27 1.2 0.863
139 -1 0 1 -0.21 1.2 0.869
140 0 0 0 0.73 1.1 0.875
141 0 0 0 0.47 1.1 0.881
142 -1 0 1 -0.01 1.1 0.888
143 0 0 0 0.27 1.1 0.894
144 0 0 0 0.34 1.1 0.900
145 0 0 0 0.36 1.1 0.906
146 0 0 0 -0.65 1.1 0.913
































































































n A(n) B(n) C(n) Theta(n) Period Frequency
(s) (Hz)
0 0 0 0.0 0.00
1 48 13 50.1 0.27 256.0 0.004
2 -25 -36 43.3 0.96 128.0 0.016
3 -14 -2 14.6 0.16 85.3 0.035
4 -37 0 36.7 -0.01 64.0 0.063
5 -4 9 9.4 -1.18 51.2 0.098
6 -3 6 6.6 -1.04 42.7 0.141
7 -3 5 5.3 -1.05 36.6 0.191
8 -8 -2326 2326.4 1.57 32.0 0.250
9 -1 4 4.4 -1.23 28.4 0.316
10 -1 4 4.0 -1.43 25.6 0.391
11 0 3 3.2 -1.46 23.3 0.473
12 -3 4 5.0 -0.93 21.3 0.563
13 -1 3 3.2 -1.35 19.7 0.660
14 -1 3 2.9 -1.25 18.3 0.766
15 0 3 2.9 1.54 17.1 0.879
16 -1 2 2.3 -1.30 16.0 1.000
17 0 2 2.2 -1.49 15.1 1.13
18 1 2 1.9 1.19 14.2 1.27
19 0 2 2.4 1.41 13.5 1.41
20 2 3 3.5 1.10 12.8 1.56
21 -1 2 2.4 -1.18 12.2 1.72
22 0 2 2.1 -1.56 11.6 1.89
23 0 2 1.8 -1.43 11.1 2.07
24 0 2 1.7 -1.42 10.7 2.25
25 0 2 1.8 -1.47 10.2 2.44
26 0 1 1.3 1.40 9.8 2.64
27 -1 1 1.4 -1.16 9.5 2.85
28 0 0 0.2 -0.33 9.1 3.06
29 0 1 1.0 1.48 8.8 3.29
30 0 1 1.3 1.47 8.5 3.52
31 0 1 1.3 -1.39 8.3 3.75
32 0 1 0.5 -1.41 8.0 4.00
33 0 1 1.4 -1.49 7.8 4.25
34 0 1 1.2 1.46 7.5 4.52
35 0 1 1.2 1.55 7.3 4.79
36 -2 3 3.0 -0.98 7.1 5.06
37 0 1 0.8 -1.26 6.9 5.35
38 0 1 0.9 -1.11 6.7 5.64
39 0 1 0.9 1.48 6.6 5.94
40 0 1 1.3 -1.43 6.4 6.25
41 0 1 0.7 -1.52 6.2 6.57
42 0 1 1.0 1.37 6.1 6.89
43 0 1 1.3 1.55 6.0 7.22
44 2 2 2.5 0.71 5.8 7.56
45 0 1 1.1 -1.22 5.7 7.91
46 0 1 0.8 -1.17 5.6 8.27
47 0 1 0.9 1.50 5.4 8.63
48 0 1 1.4 1.42 5.3 9.00
Sample 5 - Spectroscopy data sheet
n A(n) B(n) C(n) Theta(n) Period Frequency
(s) (Hz)
Sample 5 - Spectroscopy data sheet
49 0 0 0.4 0.62 5.2 9.38
50 0 0 0.5 0.88 5.1 9.77
51 0 0 0.4 -1.55 5.0 10.16
52 -1 -1 1.0 0.55 4.9 10.56
53 0 1 1.0 1.32 4.8 10.97
54 0 1 0.9 1.23 4.7 11.4
55 0 1 0.7 -1.57 4.7 11.8
56 0 1 0.5 1.25 4.6 12.3
57 0 1 0.5 -1.28 4.5 12.7
58 0 1 0.6 -1.22 4.4 13.1
59 0 1 0.7 -1.38 4.3 13.6
60 -1 2 1.8 -1.18 4.3 14.1
61 0 1 0.6 -1.54 4.2 14.5
62 0 0 0.4 1.00 4.1 15.0
63 0 1 0.8 1.35 4.1 15.5
64 0 0 0.4 0.86 4.0 16.0
65 0 1 0.7 1.53 3.9 16.5
66 0 0 0.4 1.36 3.9 17.0
67 0 1 0.7 1.47 3.8 17.5
68 1 0 1.0 -0.01 3.8 18.1
69 0 1 1.0 1.23 3.7 18.6
70 0 0 0.4 1.30 3.7 19.1
71 0 0 0.6 1.11 3.6 19.7
72 0 0 0.4 -1.14 3.6 20.3
73 0 1 0.6 1.21 3.5 20.8
74 0 1 0.5 1.56 3.5 21.4
75 0 0 0.5 1.25 3.4 22.0
76 -1 0 0.6 -0.14 3.4 22.6
77 0 0 0.5 0.99 3.3 23.2
78 0 0 0.6 0.91 3.3 23.8
79 0 0 0.5 -1.47 3.2 24.4
80 0 0 0.4 0.92 3.2 25.0
81 0 0 0.4 1.21 3.2 25.6
82 0 0 0.4 -1.19 3.1 26.3
83 0 0 0.5 -1.42 3.1 26.9
84 0 1 1.3 1.29 3.0 27.6
85 0 1 0.7 -1.40 3.0 28.2
86 0 1 0.6 1.46 3.0 28.9
87 0 1 0.6 1.18 2.9 29.6
88 0 0 0.3 0.50 2.9 30.3
89 0 1 0.5 1.46 2.9 30.9
90 0 0 0.5 1.49 2.8 31.6
91 0 1 0.6 1.37 2.8 32.3
92 0 0 0.3 0.39 2.8 33.1
93 0 0 0.4 0.96 2.8 33.8
94 0 0 0.4 1.05 2.7 34.5
95 0 0 0.4 1.15 2.7 35.3
96 0 1 0.6 -1.55 2.7 36.0
97 0 0 0.5 1.33 2.6 36.8
n A(n) B(n) C(n) Theta(n) Period Frequency
(s) (Hz)
Sample 5 - Spectroscopy data sheet
98 0 0 0.3 -1.42 2.6 37.5
99 0 0 0.4 -1.55 2.6 38.3
100 0 0 0.6 -0.91 2.6 39.1
101 0 0 0.5 1.10 2.5 39.8
102 0 0 0.4 1.26 2.5 40.6
103 0 0 0.3 0.95 2.5 41.4
104 0 0 0.4 1.04 2.5 42.3
105 0 0 0.3 1.47 2.4 43.1
106 0 0 0.5 1.28 2.4 43.9
107 0 0 0.3 1.21 2.4 44.7
108 0 0 0.4 1.03 2.4 45.6
109 0 0 0.4 1.11 2.3 46.4
110 0 0 0.4 1.22 2.3 47.3
111 0 0 0.3 1.23 2.3 48.1
112 0 0 0.4 1.23 2.3 49.0
113 0 0 0.3 1.20 2.3 49.9
114 0 0 0.3 1.22 2.2 50.8
115 0 0 0.3 1.28 2.2 51.7
116 0 0 0.2 1.11 2.2 52.6
117 0 0 0.3 1.17 2.2 53.5
118 0 0 0.3 1.24 2.2 54.4
119 0 0 0.3 1.36 2.2 55.3
120 0 0 0.3 1.24 2.1 56.3
121 0 0 0.3 1.28 2.1 57.2
122 0 0 0.3 1.28 2.1 58.1
123 0 0 0.3 1.21 2.1 59.1
124 0 0 0.3 1.28 2.1 60.1
125 0 0 0.3 1.22 2.0 61.0
126 0 0 0.3 1.19 2.0 62.0
127 0 0 0.3 1.20 2.0 63.0
128 0 0 0.3 1.18 2.0 64.0
129 0 0 0.3 1.15 2.0 65.0
130 0 0 0.3 1.19 2.0 66.0
131 0 0 0.3 1.16 2.0 67.0
132 0 0 0.3 1.21 1.9 68.1
133 0 0 0.3 1.39 1.9 69.1
134 0 0 0.3 1.18 1.9 70.1
135 0 0 0.3 0.88 1.9 71.2
136 0 0 0.3 1.53 1.9 72.3
137 0 0 0.4 1.04 1.9 73.3
138 0 0 0.2 0.33 1.9 74.4
139 0 0 0.1 -0.92 1.8 75.5
140 0 0 0.5 1.05 1.8 76.6
141 0 1 0.7 1.56 1.8 77.7
142 1 1 0.7 0.78 1.8 78.8
143 0 0 0.2 1.25 1.8 79.9
144 0 2 1.9 -1.39 1.8 81.0
145 3 -1 2.7 -0.33 1.8 82.1
146 -1 0 1.2 -0.04 1.8 83.3












void mainF() ; 
void doStep1() ; 
void doStep2() ; 
void doStep3() ; 
void DFT_CRC() ; 
double getCoeff(char mode, int N ,double period) ; 
double getCoeffTerm(char mode, int N, double w0,int tn) ; 
 
void readInputDataFile() ; 
double getInputPeriodFromUser() ; 
double mathMax(double A, double B) ; 
void outputFirst5datapoint() ; 




static double PI = 3.1415926 ;   // Pi -constant 
double InputPeriod = 32.0 ; //0;     // The Period of the input Signal 
(Most experiments use this value as the default input peririod, however this 
can be changed when the program runs.) 
double MainDataAry[5000][2] ;   // Main array of data to be used 
int dataN  = 0 ;      // # of Data points / Zero = 
no points 
int nPeriods = 0 ;      // This is the number 




int _tmain(int argc, _TCHAR* argv[]) 
{ 
 readInputDataFile() ; // <-- This will allow data to be read as soon as 
the program starts. 
 mainF() ; 
 return 0; 
} 
void mainF() { 
    cout << endl ; 
 cout << "--------------------------------------------------------" << 
endl ; 
 cout << "What would you like to do?" << endl; 
 cout << "[R] Read data from 'data\\data.txt'" << endl; 
 cout << "[S] Set Input Parameters" << endl; 
 cout << "[1] Step 1: Truncate Data Set" << endl; 
 cout << "[2] Step 2: Correct Ramping Offset" << endl; 
 cout << "[3] Step 3: Correct Time Domain & Do a rough DC correction" << 
endl; 
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 cout << "[F] Do Fourier TransForm" << endl; 
 cout << endl ; 
 cout << "[X] Run Full Program {R S 1 2 3 F }" << endl; 
 cout << "[O] View First 5 Data Point" << endl;  
 cout << "[E] Exit" << endl; 
 
    //resetGlobals() ; 
 
 char I ; 
 cin >> I ; 
 
    if (( I == 'R')||( I == 'r')) { 
  readInputDataFile() ; 
  mainF() ; 
 } 
 else if (( I == 'F')||( I == 'f')) { 
  DFT_CRC() ; 
  mainF() ; 
 } 
 else if (( I == 'S')||( I == 's')) { 
  InputPeriod =  getInputPeriodFromUser() ; 
  mainF() ; 
 }  
 else if ( I == '1') { 
  doStep1() ;  
  mainF() ; 
 }  
 else if ( I == '2') { 
  doStep2() ; 
  mainF() ; 
 }  
 else if ( I == '3') { 
  doStep3() ; 
  mainF() ; 
 } 
 else if (( I == 'X')||( I == 'x')) { 
   
  readInputDataFile() ; 
  InputPeriod =  getInputPeriodFromUser() ; 
  doStep1() ; 
  doStep2() ; 
  doStep3() ; 
  DFT_CRC() ; 
 
  mainF() ; 
 } 
 else if (( I == 'O')||( I == 'o')) { 
  outputFirst5datapoint() ; 
  mainF() ; 
 } 
 else if ((I == 'E') || (I == 'e')) {  /* Exit Loop */ } 
    else { mainF() ; } 
     





Appendix A – ‘Run.cpp’ – Primary program code. 
void doStep1() { 
 // This function assumes f(t) values are positive 
 #define NumOfMaxP 7 
 int maxPointI = 0 ; 
 int maxPoints[NumOfMaxP] ; 
 for ( int i = 0 ; i!=(NumOfMaxP) ; ++i) { maxPoints[i] = 0 ; } 
 // Get First max point 
 for (int I=0 ; (I!=(dataN-2))&& (maxPointI != NumOfMaxP) ; ++I) { 
  if ((MainDataAry[I+1][1] 
>=MainDataAry[I+0][1])&&(MainDataAry[I+1][1] >MainDataAry[I+2][1])) { 
   // This is a max point 
   if (maxPointI < NumOfMaxP) { 
    maxPoints[maxPointI] = (I+1) ; 
    ++maxPointI ; 
   }  
  } 
 } 
 
 cout << endl <<"Please pick a max point to use as first max point:"<< 
endl ; 
 for ( int i = 0 ; i!= (NumOfMaxP) ; ++i ) { 
  cout << i+1<< ") Amp: " << MainDataAry[maxPoints[i]][1] << " 
@Time: "<< MainDataAry[maxPoints[i]][0] <<" (s)" ; 
  if (i!=0) { 
   cout << " ; Last Peak delta =" << 
MainDataAry[maxPoints[i]][0] -MainDataAry[maxPoints[i-1]][0] << " (s)"<<endl 
; 
  } 
  else { 
   cout << endl ; 
  } 
 } 
 //Get Avererage Period:Start 
 double AveragePeriod = 0 ; 
 for (int k = 1 ; k!= (NumOfMaxP);++k ) { 
  AveragePeriod += MainDataAry[maxPoints[k]][0] -
MainDataAry[maxPoints[k-1]][0] ; 
 } 
 AveragePeriod = AveragePeriod / (NumOfMaxP -1); 
 cout << "Average Period:"<< AveragePeriod << " (s) " << endl ; 
 
 //Get Avererage Period:End 
 cin >> maxPointI ; 
 if ((maxPointI < 1)||(maxPointI>NumOfMaxP )) { 
  maxPointI = 0 ; 
  cout << "Input not understood, 1st Max point used." << endl ; 
 }  
 else { --maxPointI ; } 
 
 //Get first Cutoff point off point 
 int domainI[2] ; 
 
 bool haveFirstDpoint = false ; 
 bool haveLastDpoint1 = false ; 
 bool haveLastDpoint2 = false ; 
 double lastPointTime = MainDataAry[dataN-1][0] ; 
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 //int cFactor = 1 ; // Because will always take the point after the 
mazpoint. 
 for (int I=0 ; I!=dataN ; ++I) { 
  if ((MainDataAry[I][0] >= 
(MainDataAry[maxPoints[maxPointI]][0]+(InputPeriod*0.25)))&&(!haveFirstDpoint
)) { 
   domainI[0]=I ; 
   haveFirstDpoint = true ; 
   lastPointTime = MainDataAry[dataN-1][0] -
(MainDataAry[maxPoints[maxPointI]][0]+(InputPeriod/4)); //Remainder of the 
time Domain 
   nPeriods = int(lastPointTime / InputPeriod) ;// Number if 
integer periods 
   lastPointTime = nPeriods*InputPeriod + 
(MainDataAry[maxPoints[maxPointI]][0]+(InputPeriod/4)) ; 
  } 
  else if ((MainDataAry[I][0] >= (lastPointTime-
InputPeriod))&&(!haveLastDpoint1)) { 
   domainI[1]=I-1 ; 
   haveLastDpoint1 = true ; 
  } 
  else if ((MainDataAry[I][0] >= 
lastPointTime)&&(!haveLastDpoint2)) { 
   domainI[1]=I-1 ; 
   haveLastDpoint2 = true ; 
  } 
 } 
 if (!haveLastDpoint2){ 
  --nPeriods ; 
  cout << "Cycle Loss due to 1 data point missing!!!   :("<< endl ; 
 } 
 
 //cout <<domainI[0] << " " << domainI[1]<< endl ; 
 cout <<"Time domain used: "<<MainDataAry[domainI[0]][0] << "(s) to " << 
MainDataAry[domainI[1]][0] << "(s)" << endl ; 
 cout << ((domainI[1]-domainI[0]+1)*100)/(dataN)<< "% Percent of the 
original data will be used." << endl ; 
 cout << "There are " <<nPeriods << " periods that will apear in this 
analysis." << endl ; 
 
 //cout <<MainDataAry[domainI[0]][0] << " " << 
MainDataAry[domainI[1]][0]<< endl ; 
 //cout <<MainDataAry[domainI[0]][1] << " " << 
MainDataAry[domainI[1]][1]<< endl ; 
 for (int I=domainI[0] ; I<=domainI[1] ; ++I) { 
  MainDataAry[I-domainI[0]][0] = MainDataAry[I][0] ; 
  MainDataAry[I-domainI[0]][1] = MainDataAry[I][1] ; 
 } 
 dataN = domainI[1]-domainI[0]+1 ; 
 outputDataToFile(1) ; 
} 
 
void doStep2() { 
 int domains[2][2] = {{0,dataN-1},{0,dataN-1}} ; 
 bool haveStartPoint = false ; 
 for (int I=0 ; ((I!=dataN) &&(!haveStartPoint)); ++I) { 
  if (MainDataAry[I][0] >= (MainDataAry[0][0]+(InputPeriod*0.5))) { 
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   domains[0][0] = I ; 
   haveStartPoint = true ; 
  } 
 } 
 bool haveEndPoint = false ; 
 for (int I=0 ; ((I!=dataN) &&(!haveEndPoint)); ++I) { 
  if (MainDataAry[I][0] >= (MainDataAry[dataN-1][0]-
(InputPeriod*0.5))) { 
   domains[1][1] = I ; 
   haveEndPoint = true ; 
  } 
 } 
 
 for(int D = 0 ; D<=1 ; ++D) { 




 double m[2],b[2],r[2]  ; 
 for(int D = 0 ; D<=1 ; ++D) { 
  //Find Linear Regression 
  int N = domains[D][1]-domains[D][0]+1 ; 
  double SUM_X =0,SUM_Y=0, SUM_XY=0, SUM_XX=0, SUM_YY = 0; 
  for (int I=domains[D][0] ; I<=domains[D][1] ; ++I) { 
//domains[D][1] is an index, not a count 
   SUM_X += MainDataAry[I][0] ; 
   SUM_XX += pow(MainDataAry[I][0],2) ; 
   SUM_Y += MainDataAry[I][1] ; 
   SUM_YY += pow(MainDataAry[I][1],2) ; 
   SUM_XY += (MainDataAry[I][0]*MainDataAry[I][1]) ; 
  } 
 
  m[D] = ((N*SUM_XY)-(SUM_X*SUM_Y))/((N*SUM_XX)-pow(SUM_X,2)) ; 
  b[D] = (SUM_Y-(m[D]*SUM_X))/N ; 
  r[D] = ((N*SUM_XY)-(SUM_X*SUM_Y))/sqrt(((N*SUM_XX)-
pow(SUM_X,2))*((N*SUM_YY)-pow(SUM_Y,2))) ; 
 } 
 double mAve = (m[0]+m[1])*0.5 ; 
 double bAve = (b[0]+b[1])*0.5 ; 
 double rAve = (r[0]+r[1])*0.5 ; 
  
 cout << endl ; 
 cout << "Data has been correct by the following:" << endl ; 
 cout << "Slope=" << mAve << " Y(0)=" << bAve << " r="<< rAve << endl ; 
 
 for (int I=0 ; I!=dataN ; ++I) { 
  MainDataAry[I][1] = (MainDataAry[I][1] - 
((MainDataAry[I][0]*mAve)+bAve)) ; 
 } 
 outputDataToFile(2) ; 
} 
void doStep3() { 
 double offsetX = MainDataAry[0][0] ; 
 double offsetY = 0 ; 
 for (int I=0 ; I!=dataN ; ++I) { 
  MainDataAry[I][0] -= offsetX ; 
        offsetY += MainDataAry[I][1] ; 
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 } 
 offsetY = (offsetY / dataN) ; 
 for (int I=0 ; I!=dataN ; ++I) { 
  MainDataAry[I][1] -= offsetY ; 
 } 
 outputDataToFile(3) ; 
 cout << "Finished" << endl ; 
} 
void DFT_CRC() { 
    //period = MainDataAry[int_N -1][0] - MainDataAry[0][0] ; 
    //period = MainDataAry[int_N -1][0] ; 
 
 cout << "Use true (input) period ?" << endl ; 
 cout << "Y/N :  " ; 
 char method ; 
 cin >> method ; 
 
 
 double thisPeriod = 0; 
 double VsampleRate = (MainDataAry[dataN-1][0] - 
MainDataAry[0][0])/double(dataN-1) ; 
 //cout << "last: "<<MainDataAry[dataN-1][0] <<"first: "<< 
MainDataAry[0][0] << "dataN: " <<dataN << endl; ; 
 
 if ((method == 'Y')|| (method == 'y')) { 
  double truePeriod = InputPeriod * nPeriods ; 
  thisPeriod = truePeriod ; 
 } 
 else { 
  thisPeriod = VsampleRate * dataN ; 
 } 
 
      //double NyquistN = pow(VsampleRate,2)*dataN*0.5 ; 
    double w0 = 2*PI/thisPeriod ; 
 double NyquistN = 0 ; 
 
    double ABCTn[300][4] ; 
 for (int Nw = 0 ; Nw <= mathMax(200,NyquistN); ++Nw ) { 
        ABCTn[Nw][0] = getCoeff('A', Nw , thisPeriod ) ; 
        ABCTn[Nw][1] = getCoeff('B', Nw , thisPeriod ) ; 
         
        ABCTn[Nw][2] = sqrt(pow(ABCTn[Nw][0],2)+pow(ABCTn[Nw][1],2)); 
  ABCTn[Nw][3] = atan(ABCTn[Nw][1] / ABCTn[Nw][0])   ;  
    } 
 
 // Output Data to File 
 ofstream fout; 
 fout.open("data\\dout.txt");  //open a file 
 
 fout << "Input_Period: " << InputPeriod << " (s) " << "\n" ; 
 fout << "Period Used: " << thisPeriod << " (s) " << "\n" ; 
 fout << "Data_Points: " << dataN << "\n" ; 
 fout << "Cycles: " << nPeriods << "\n" ; 
 fout << "Sample_Rate: " << VsampleRate << " (Hz) "<< "\n" ; 
 fout << "NyquistN: " << NyquistN << "\n" ; 
 fout << "------- ------- ------- ------- \n" ;  
 fout << "n A(n) B(n) C(n) Theta(n) \n" ;  
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 for (int Nw = 0 ; Nw <= mathMax(200,NyquistN); ++Nw ) { 
  fout << Nw << " " << ABCTn[Nw][0] << " " << ABCTn[Nw][1] << " " 
<< ABCTn[Nw][2] << " " << ABCTn[Nw][3] << " \n" ;  
 } 
    fout.close();    //close file 
 
 // Summary Output 
 cout << "Output Data Sumary:"<< endl;  
 cout << "Input Period: " << InputPeriod << " (s) " << endl; 
 cout << "Period Used: " << thisPeriod << " (s) " << endl; 
 cout << "Data Points: " << dataN << endl; 
 cout << "Cycles: " << nPeriods << endl ; 
 cout << "Sample Rate: " << VsampleRate << " (Hz) "<< endl ; 
 cout << "NyquistN: " << NyquistN << endl ; 
 
} 
double getCoeff(char mode, int N ,double period) { 
    double w0 = 2*PI/period ; 
 
 double SUM = 0 ; 
   for (int K = 0 ; K != dataN  ;++K  ) { 
        SUM += getCoeffTerm(mode,N,w0,K) ; 
    } 
    return ((double(2)/period) * SUM) ; 
} 
 
double getCoeffTerm(char mode, int N, double w0,int tn) { 
    double varX = w0 * N * MainDataAry[tn][0] ; 
 
    if (mode == 'A' ) { return (MainDataAry[tn][1] * cos(varX)) ; } 
    else if (mode == 'B' ) { return (MainDataAry[tn][1] * sin(varX)) ;  } 
    else { return 0 ;  } 
} 
void readInputDataFile() { 
    ifstream inFile ; 
 inFile.open("C:\\Documents and 
Settings\\Christopher\\Desktop\\FT\\Run\\Debug\\data\\data.txt"); 
    //inFile.open("data\\data.txt"); 
    if (!inFile) { 
        cerr << "Unable to open file data.txt" ; 
        return ;   // call system to stop 
    } 
 dataN = 0 ; 
    while (inFile && (!inFile.eof()) ) { 
        inFile >> MainDataAry[dataN][0] ; 
        inFile >> MainDataAry[dataN][1] ; 
        ++dataN ; 
    } 
    inFile.close() ; 
 outputFirst5datapoint() ; 
} 
 
double getInputPeriodFromUser() { 
 double  userInput ; 
 
 cout << endl ; 
 cout << "Input the period of input signal (s):" << endl; 
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 cin >> userInput ; 
 
 if (userInput > 0 ){ 
  return userInput ; 
 }  
 else { 




double mathMax(double A, double B) { 
    if (A > B) { return A ;  } 





void outputFirst5datapoint() { 
 cout << "First 5 Data points" << endl ; 
     int i = 0; 
     while ( i != 5 ) { 
         cout << i << " >> Time: " << MainDataAry[i][0] << "  Amp: " << 
MainDataAry[i][1] << endl; 
         ++i ; 
     } 
 
} 
void outputDataToFile(int stage) { 
 ofstream fout; 
 if (stage == 1) { fout.open("data\\dout_1.txt"); } 
 else if (stage == 2) { fout.open("data\\dout_2.txt"); } 
 else if (stage == 3) { fout.open("data\\dout_3.txt"); } 
 else { fout.open("data\\dout.txt"); } 
  
 for (int J = 0 ; J!=dataN ; ++J ) { 
   fout << MainDataAry[J][0] << " " << MainDataAry[J][1] << " \n" ;  
 } 
  fout.close(); 
} 
 
//--------------- 
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